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ABSTRACT

Solar cherqgy system perforrance data for one
heating seasan and twe cooling seusons are given
for the Los Alamos National Sccuritg and
kesources Stwdy Center, a 60 GO0 ft

conferencr conter and library at the Los Alaros
Scientific Laboratory, New Mexico.

The solar encrgy system for the Study Center
consists of an 80C0 ft2 array of selectively
coated, single—glazed collectors, a 5000 gallen
pressurized tank for hnt storage in the cooling
moxle, andd a 10 000 gallon tank, which is used
for ot storage in the heating made and onold
storage in the cooling mocde, Either of two
chillers may be urned in series with the cold
storage tank, an 8% tcn absorption unit, or a 77
ton Renkine cycle unit. Night evaporative
cooling js also used to cool the

10 000 gallon tank. A heat recovery unit is
uscd to prehoat fresh air in the winter, and, by
neans of spraying the exhaust air, to pre-cool
fresh air in the sunwer.,

Daily, monthly, and seasonal enerqy summaries
are presented for the system. Performance cata
for the two chillere include tabulation of
therral and system cocfficients of performance.

Discusnions of system oprrating expericnces are
included, particularly ot the developrent of
optimun eolar ceoling strateqgies, which
increasod the solar conling friction from 81% in
1977 to 97% in 1978, The solar heating fractien
for tle system was T9%.

SYSTFI DIGCRIPTION

A schematic of the energy, heating, ventilating,
anl air conditimming system is shown in Fig. 1.
The 7765 {t2 cullector array 1s architectually
anl structurally inteqrated into the building,
faraing the roof of the mechanical equipront
recin,  The total air-conditionmd fleor arva of
the tuilding is

60 000 £t2 cn three floors.
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HVAC System —-

The HVAC system is a two~zone (perireter and
interior) variable air voliurme system with
scparate supply and return fans and coolimn
coils for each zone. Hot water coils for
heating are provided in the perim-ter zone only,

The air barndling system features recirculation
of insicde air, and a hLeat pipe heat recovery
unit in the perimeter zone system serves two
functions: to prcheat outsicde air in the
heating mode; and, |y means of spraying the
exhaust air, to precool outside air in the
cooling mode. The light fixtures are cooled by
the return air. The main air supply units each
have a cooling coil, an air washer, and a supply
fan.

Energy System

The energy system consists of the solar
collector array and heat exchanger, two storaqe
tanks, and two water chillers - a lithium-bromide
absorption chiller, and a Rankine cycle unit,
either of which can be used for comparative
studies of solar air-conditicning. The
collector are fahricated of mild steel, have a
selcctive surface of bleck chrome, arrl are
single-glazed with water-white glass. Four
hundrad and seven collectors are connected in
parallel to form the array. The collecters are

cwolcd with a light paraffiric oil heat transfer
fluid.

In the heatiry mode, a 10 000 gallen tank is
usad to storc hot water for heating, In the
cooling made, a 5000 gallon vressurized tank is
used to store solar not water to nperate either
of the chillers, and cold water is stored in the
larger tank. Cold water is generatod eirhier by
che of the chillers, which are in series with
the larger tink, or tw night evaporative cooling
with a 500 ¢ym cooling tower, which is normally
usad to reject heat from the chillers.,

The solar cnorgy system is backed up ty
auxiliary steam heat exchangers that gencrate
hot water dircctly for heating or to pover the
chillers. Ixmestic hot water is generated by
neans of a 100 gallon tank connncted to the
solar hot water tonk, and augmented Uy an
clectrically boated 40 gallon tonk cownstream.



SYOTIM OPIRATICN

The hea . wwd exnling system oprrates in tvo
basic morles, which are culxlivided as follows:
vinter Made ~ Heating .
Mode 1 - Onlar Heating
Mode 2 - Auxiliary Heating

Zunmer Mode - Cnoling
Mxde 3 - Solar Conling
Morde 4 - Auxiliary Cooling
Mode 5 - Conling from enld Storaqe
Mode 6 - Night Evaporative Cold Storage

Heating Controls
The huilding control system demands hot water

" far heating at a tenperature .f 140°F if the

ambiont temperature is 0°F, arl 70°F if the
ambient i 70°F, with a linear profile as a
function of anbiont temperature. IE the storod
snlar hot water drope below the roquired
tenperature, the auxiliary system is used for
heating.

Cooling Controls

The conlim control system regnlates the fan
dischacqge tenperature to satisfy the building
cooling lowl, The building conling sequence is
activated in the following order:

1. Full Fresh Air

2. Alr Washers Start

3. FExhaust Spray

4. Chilled Water from Cold Storage

5. Water Chiller Scarts

In the originally installod system, onece
chiller operatinn was called for, stored solar
hot water was used to provide encrqv to the
chiller until the ot water tank temperature
dropped below 170°F. Auxiliary hot water was
then mupplied at 190°F until the storage tank
was heated to 180°F. At the end of the 1977
cwolinng system, nadifications were made to the
control system to iprove the utilization of
solar cncrqgy. In the present confiquration, the
chiller i3 started when the hot storage tank hag
been hroted above 180°F, regardless of whether
the huilding is calling for coonling. The
chiller continues to operate until the kot tank
drops bolow 170°F or until the cold tonk drops
belor 48°F, Auxiliary operation is nrohibited
if the cold storage tank is below G5°F. 'This
madificl control schrmre improves system
performance by running the chiller when the
eallectors are operating, therely reducing
llector terperaturesy forcing leng chiller
operating times at Full capacity; prohibiting
auxiliary operation until cold ntorage is
cxhbaisted.

Solar _Col lector Centrols

A terperature probe on the back of the onllector
is uncd to conpare collictor tenperature with
the ot storage terperature, When a 10°F
tenperature ditferentiial is established, the
colleclor punps are started after a three minute
delay.

SYSIFM CIHERMAL PEFFORMANCE

Alxut 160 channrls of instnmentation are
installrd in the twilding for the purpeose of
evaluating tie rystem perfornance.  These
roasurements ceanist primarilv of flow rates arxd
tenperature differenoes en all of the encrgy
subsystems.  In addition, electrical power
cawunrptions of all of the puns amd fans are
measured, Moot temperatures are measured using
platinum resistance thermometers, Flows are
measured with turbine flowreters and Annubar
probes. Solar [lux is measured in the plare of
the collcctor and in the bor izontal plare. Data
acquisition is controllerl by a PDP-11/34
comuter, which iutomatically provides periciic
encrgy summaries for displav aml storage,

Temperature probhes were calibrated in the
laboratory arvl as installed, and matched for
temperature difference measurcmrents. The
resolutien and accuracy of the resistance proies
are .05°F and 0.2°F, respectively.

Monthly Eneray Surrary

The moan daily values of systers energies are
givin in Table 1. Generally, tle duta reported
bere are curplete. Occasicnally, one day cr
part of a iy was lost for any given month., In
t'ese cases, cestimates were madde of the daily
encrgy valurs to coaplete monthly records of
daily summaries. The effect of the cooling
control system ieedifications con be seen in the
increase in pereent solar from the 1977 to 1973
cooling nranen (897 to 97%). Thin ic
particularly cvident in the August data (743 to
100%) . 7Tbhr parasitic power term includes toth
solar pumps, hot water pumps, chilled water
puip, colirg Lower fan, condensor pumd, and
chiller internal pewer consumption,

Chiller Performance

Camparative chiller performance data are
sumnarized in Table 2 for the 1978 conling
season. The compar ison is hetween the abrorption
arrl the Rankine v ° . Thermal, solar, and
system coefficients of performance are given,
The thermal COP is *bhe chiller cold water outnut
enerqy divided ty the chiller hot water input
enerqy. The solar ard system COP's are the
chiller outmut divided Ly the systom electrical
encryy input. The solar collcctor pup and heat
exchinger pumn, chiller hot water purp, and
chiller internal powors are uscd in the solar
CC> calculations. The chilled water pumn, the
condensor purp and eoonling tower fan powers are
acdded to calculate the system OOP.

Seasonal Syston Energy Sumrarics
The follewing four figures show the system colar

poerformanen and loxd characteristics on a
soamnal basis,



Solar_Svster Perforn inne

Figure 2 gives the collectar incifent and outpat
for the 1977-78 heating scason. Fiqure 3 is the
collector porformance surrary for the 1977
cooling scason,

System Ioad

Fiqgure 4 shows the portions of the building
heating low? provided by solar and auxiliary .or
tre 1977-78 Lkeating teasen, Figure S simmrarizes
the chiller hot water consurption and chilled
water output for the 1978 cooling season,
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TALLE 1

NATIONAL SLCURITY AND RESOUNCES STUDY CENTER, LOS ALARMOS, NM
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351
647
527
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507
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594
340
372
391
408
334
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473
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STOR
DIl

12(2)
12(2)
11
11
13
1
13
11
15
13
11
9
6

FNFRGY SUMMARY

STOR(I) CHL(l) STOR I'RSTC SYS
cun . our LOSS POWER  COP
436 237 47 - -
271 161 88 - -
0 0 154 33(%) 14.9
0 0 82 162 12.4
0 0 80 34 11.8
0 0 73 36 12.1
0 () 107 37 13.1
0 0 66 36 14.7
282 201 49 55 3.69
337 231 21 69 3.37
373 258 0 N 3.63
360 253 39 67 3.70
256 164 72 57 2.88

con
EFE

26
24
35
33
33
3
33
28
19
21
23
24

AUX

118

65
158
238
190

77

19
33
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6l
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92
1€0
100
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TARLE 2

NATIONAL SECUKITY AND RESOURCES STUDY CEMNTER

CHILLER FIRFOPMANCE DATA

CHILL  CHILL THIRM POYWER  SOLIAR FOWER SYS
MON  CHILLER W W oop SOLAR cop TOT coP
5 ARS 403 244  .605 37 6.62 59 4.12
6 ABS 8994 6209  .690 1162 5.34 1787 3.06
7 ABS 2329 1408  .605 285 4.94 460 3.06
8 A3S 4827 3183 .660 560 5.68 939 3.39
T ABS 16553 11044 .667 2044 5.4 3425 3.40
5 RANK 8370 6001 .717 909 6.60 1556 3.86
6 PANK 1131 738 .652 141 5.24 224 3.28
K RANY 9247 €614 .715 1001 6.22 1753 3.7
8 RANK 6343 4668  .735 635 7.35 1133 4.12
T RANK 25096  1¢02@ .718 2686 6.71 4666 3.87
Energy Units: B'IU/ft:2



